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Introduction
Acute lung injury (ALI) is a life-threatening syndrome characterized by severe lung inflammation and breakdown of the alveolarcapillary barrier, and acute respiratory distress syndrome (ARDS) is the most severe form of ALI (Herridge & Angus 2005) . Although lung protective ventilatory strategies have been widely applied, the mortality caused by ALI/ARDS is still high (Rubenfeld et al. 2005; Galvin et al. 2013) . Therefore, a novel effective therapy is urgently required.
Standardized myrtol, an essential oil derived from Pinus spp (pine), Citrus aurantifolia (lime) and Eucalyptus globulus, which contains primarily cineole, limonene and a-pinene (Zimmermann et al. 1995) . This phytomedicine has been widely used in Asian and European for treating nasosinusitis and bronchitis (Meister et al. 1999; Matthys et al. 2000) . Recently, standardized myrtol has also been reported to have positive effect on chronic obstructive pulmonary disease (COPD) in clinical trials and animal studies, mainly due to its secretomotor, secretolytic and mucolytic effects (Rantzsch et al. 2009; Cao et al. 2011; Begrow et al. 2012) . Additionally, standardized myrtol showed potent anti-inflammatory and antioxidative activities (Beuscher et al. 1998; Grassmann et al. 2000; Ying et al. 2015) . It is unknown; however, whether standardized myrtol has protective effect on acute lung injury.
In the present study, a lipopolysaccharide (LPS) challenged mice model was established for investigating the impact of standardized myrtol on acute lung injury. LPS inhalation can induce rapid influx of neutrophils and apoptosis of lung epithelial cell, resulting in the releases of inflammatory cytokines, reactive oxygen species and chemotactic factors, these effects subsequently cause intra-alveolar and interstitial oedema, alveolar haemorrhage and impairment in the alveolar fluid clearance, which ideally mimic the pathophysiologic events observed in ALI patients (Matute-Bello et al. 2008; Chen et al. 2010) .
Materials and methods

Material
Standardized myrtol (Catalogue No.237124) was obtained from G. Pohl-Boskamp GmbH &Co. (Hohenlockstedt, Germany). Lipopolysaccharide (Escherichia coli 055:B5) was obtained from Sigma-Aldrich (St, Louis, MO). Nuclear and Cytoplasmic Protein Extraction Kit was obtained from Beyotime Institute of Biotechnology (Haimen, China). Antibodies for p65 and b-actin were obtained from Santa Cruz (Santa Cruz, CA). Enzyme linked immunosorbent assay (ELISA) kits for determination of mouse TNF-a and IL-6 were obtained from Dakewe Biotech co. Ltd (Beijing, China). The myeloperoxidase (MPO) activity assay kit was obtained from Nanjing JianCheng Bioengineering Institute (Nanjing, China).
Design
LPS-induced acute lung injury was induced as described by Takano et al. (2011) . Male BALB/c mice (8-9 weeks old; 20-25 g; Experimental Animal Centre of Guangdong Province, Guangzhou, Guangdong) were kept in an acrylic chamber (20 Â 30 Â 40 cm, 24 L) throughout the LPS exposure period. A solution containing 0.5 mg/mL LPS in saline was aerosolized with an ultrasonic nebulizer (NB-150U; Omron Co., Kyoto, Japan) and air pump coupled to a manometer (flow rate was monitored and adjusted to 4.8 L/min) for 30 min. All procedures were performed in accordance with the Declaration of Helsinki of the World Medical Association.
Standardized myrtol dissolved in 0.1% Cremophor EL at 30 and 120 mg/mL or the same volume of dissolvent (0.1 mL/10 g body weight) was administered by gavage 1.5 h before LPS challenge. The dosages of standardized myrtol used in this study were 300 and 1200 mg/kg. Six hours after LPS challenge, mice were anesthetized with an overdose of pentobarbital sodium and then sacrificed by exsanguination (for examination of NF-jB activation, mice were executed at 3 h after LPS challenge).
Bronchoalveolar lavage fluid (BALF) collection and cell count
For the BALF collection, tracheostomy was performed and a cannula was inserted into trachea. The cannula was secured with 3-O surgical silk, and the lungs were lavaged three times with phosphate buffer solution in a total volume of 1.5 ml (0.5 mL Â3). The recovery rate of BALF was above 90%. A 0.1 mL aliquot was used for the total cell count by using a haemocytometer, and the remainder was immediately centrifuged at 500 g for 10 min at 4 C. Total protein concentration in the supernatant of BALF was quantified by the BCA method with bovine serum albumin as a standard. The rest of supernatant was aliquoted and frozen at À70 C until the cytokines were assessed. The centrifuged cells were re-suspended in 50 lL PBS, and the cell differentiation was determined for 200 cells by examination of the Wright-Giemsastained smears. 
Measurement of pro-inflammatory cytokines in BALF
The levels of TNF-a and IL-6 in BALF were measured with mouse TNF-a and IL-6 ELISA kits according to the manufacturer's protocol (Dakewe Biotech co. Ltd, Beijing, China).
Histological evaluation
After mice were killed, the lungs were excised. The right lobes were fixed with 10% neutral phosphate-buffered formalin and then embedded in paraffin. Sections with 5 lm thick were stained with haematoxylin and eosin. The rest of lung lobes were flash frozen in liquid nitrogen and stored at À70 C until examination of MPO. Lung injury was scored according to the following criteria (Schingnitz et al. 2010 ): (1) alveolar congestion, (2) haemorrhage, (3) infiltration or aggregation of neutrophils in airspace or vessel wall, and (4) thickness of the alveolar wall. For each subject, a five-point scale was applied: 0, minimal (little) damage; 1þ, mild damage; 2þ, moderate damage; 3þ, severe damage; and 4þ, maximal damage. Points were added up and are expressed as median ± range of injury score.
Measurement of MPO
Lung tissues were frozen in liquid nitrogen and then homogenized in PBS. The homogenate was used to determine MPO according to the manufacturer's instruction. MPO activities were expressed as units per gram of protein.
Western blot
After mice were killed, the whole lung tissues were flash frozen in liquid nitrogen immediately after removing and stored at À70 C until use. The extraction of nuclear and cytoplasmic proteins from lung tissues was performed by using a Nuclear and Cytoplasmic Protein Extraction Kit. Protein contents in the supernatant of the lysed lungs were determined by the BCA method. Samples were separated on 10% SDS-PAGE and transferred to polyvinylidene difluoride membranes. After blocking with 5% non-fat milk in TBST (0.1%) for 1 h at room temperature, the membranes were incubated with a primary antibody (p65 or b-actin) and then incubated with the conjugated secondary antibodies. Protein bands were detected by an ECL detection kit (Millipore, Billerica, MA). The protein signals were quantified by scanning densitometry using a Tanon 5200 imaging System (Tanon, Shanghai, China).
Statistical analysis
Data are expressed in term of means ± standard error of the mean (SEM). Data were analyzed by using one-way analysis of variance followed by Student-Newman-Keuls test. Two-tailed p values <0.05 were considered statistically significant. Statistical analyses were conducted using SPSS 13.0 (SPSS Inc., Chicago, IL).
Results
Effect of standardized myrtol on inflammatory cell counts in BALF of LPS-induced ALI mice
Recruitment of neutrophils into the pulmonary compartment is a key event of acute lung injury. As shown in Figure 1 neutrophils infiltration. In parallel with the number of PMNs, the level of MPO activity was markedly inhibited by standardized myrtol.
Effect of standardized myrtol on total protein concentration in BALF of LPS-induced ALI mice
Vascular leakage is a hallmark of ALI, thus we examined the total protein concentration in BALF. As shown in Figure 2 , the challenge of LPS resulted in a significantly increase of protein level in BALF, from 0.153 ± 0.016 to 0.331 ± 0.021 mg/mL. Treatment with 1200 mg/kg standardized myrtol did not affect the basal protein level, while dramatically inhibited LPS-induced increase of protein concentration to 0.183 ± 0.015 mg/mL.
Effect of standardized myrtol on TNF-a and IL-6 levels in BALF of LPS-induced ALI mice As shown in Figure 3 , LPS challenge causes significant increase levels of TNF-a and IL-6 in BALF, while these elevations were markedly attenuated by administration of 1200 mg/kg standardized myrtol.
Standardized myrtol attenuated lung histopathology in LPS-induced ALI mice
As shown in Figure 4 , no evident histological alteration was observed in lung specimens of normal mice. However, the inhalation of LPS resulted in significant lung injury, evidenced by the presence of alveolar haemorrhage, a marked swelling of the alveolar walls and remarkable recruitment of neutrophils into the alveolar spaces. These pathological changes were improved by administration of 1200 mg/kg standardized myrtol.
Standardized myrtol inhibited NF-jB activation in LPSinduced ALI mice
We evaluated nuclear NF-jB p65 level by Western blot analysis to investigate the molecular mechanism whereby treatment with standardized myrtol attenuated the development of acute lung injury. As shown in Figure 5 , treatment with of 1200 mg/kg standardized myrtol markedly inhibited the LPS-induced NF-jB-p65 subunits translocation in the lung tissue (Standardized myrtol did not inhibit LPS-induced inflammatory cell counts, MPO activity, pro-inflammatory cytokine releases and protein leakage at the dose of 300 mg/kg, data not shown).
Discussion
In the beginning of ALI, the earliest immune cell recruited to the site of injury is neutrophil, which is vital for the host defense. However, an excess of activated neutrophils leads to tissue damage by release of various inflammatory cytokines, proteinases and cationic polypeptides (Grommes & Soehnlein 2011) . MPO, an enzyme located mainly in the primary granules of neutrophils, reflects the adhesion and margination of neutrophils in the lung. Proofs from clinical data and animal experience have been shown that both decreased number of PMNs and lowering of MPO activity are associated with favourable prognosis of ALI (Steinberg et al. 1994; Abraham et al. 2000) . In the present study, the rapid neutrophils influx induced by LPS was markedly inhibited by standardized myrtol. These observations were further confirmed by the results that standardized myrtol suppressed MPO activity. Because protein extravasation is considered as a pointer of vascular leakage, we examined total protein contents in BALF and detected lower protein levels in standardized myrtol treated mice. These results suggested that standardized myrtol attenuated neutrophils influx and vascular leakage in LPS-challenged mice, which thereby ameliorating the lung pathological changes. Numerous studies suggest that a network of pro-inflammatory cytokines, such as TNF-a and IL-6, plays a vital role in lung injury (Bhatia & Moochhala 2004; Tunceroglu et al. 2013 ). These cytokines not only cause inflammatory cascade injury, but also recruited neutrophils into lung tissues (Bauer et al. 2000) . Standardized myrtol has been reported to decrease the release of TNF-a, IL-8 and GM-SCF in cultured alveolar macrophages from COPD patients (Rantzsch et al. 2009 ). In the present study, greatly increased levels of TNF-a and IL-6 in BALF were induced by inhalation of LPS, which was suppressed by pretreatment with standardized myrtol. The inflammatory cytokine levels have been confirmed to reflect the extent of pulmonary inflammation in ALI (Bhatia & Moochhala 2004) . Data obtained from our study demonstrated the potently anti-inflammatory activity of standardized myrtol in vivo.
NF-jB is a transcription factor regulating various genes involved in inflammatory and immune response (Schuliga 2015) . Clinical research has reported that the degree of NF-jB activation was increased in patients with sepsis or acute lung injury (Schwartz et al. 1996) . Additionally, animal studies showed that inactivation of NF-jB pathway by pharmacological inhibition or gene modification decreased the expression of pro-inflammatory mediators and diminished the severity of endotoxemia-induced acute lung injury Lopez et al. 2015) . In the present study, the nuclear proteins from lung tissues were extracted. LPS inhalation significantly increased the translocation of NF-jB subunits from cytoplasm into nucleus, which was consistent with those of previous studies (Shi et al. 2014; Zhang et al. 2014 ). However, the events induced by LPS were reversed by pretreatment with standardized myrtol. Thus, it is suggested that NF-jB pathway plays an important role in the process of antagonizing acute lung injury by standardized myrtol. Dispensatory reports that standardized myrtol is well tolerated by human and host animal, this phytomedicine induces few and mild adverse reactions even treated with the maximal tolerance dose (about 1500 mg/kg for human; above 2000 mg/kg for rats). In the present study, oral administration of standardized myrtol did not provoke behavioural effects in mice, and no acute toxicity and mortality occurred at the dose of 1200 mg/kg. Additionally, sham groups (mice treated 1200 mg/kg standardized myrtol alone) showed no difference on neutrophils influx, protein exudation and pro-inflammatory cytokine levels in BALF, when compared with control group. Thus, the doses of standardized myrtol used in this study are considered to be safe.
In conclusion, we have demonstrated the protective effects of standardized myrtol on lung injury induced by LPS, which is evidenced by improvement of the pathologic changes in the lung, inhibition of NF-jB activation, and decrease of neutrophils infiltration, vascular leakage and pro-inflammatory cytokine release. Our study suggests that standardized myrtol might be useful in the therapy of lung injury.
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